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Abstract
Dams alter the continuity of sediment transport in rivers and, consequently, 
reservoirs experience siltation worldwide. In this paper we present a case 
study in which we describe how canals may play an important role in mana-
ging sediment sluicing operations in reservoirs. Water and sediment trans-
port were monitored at 5 sections along 60 km of the River Segre downs-
tream the Sant Llorenç de Montgai Dam; while bed mobility and in-channel 
sediment storage were assessed at 3 sites. Results indicate that canal in-
takes can be managed to control flow discharge and sediment conveyance. 
Canals located downstream reservoirs may be also used to reduce ecologi-
cal impacts on riverbed during sediment sluicing from dams.
Keywords: 
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Introduction
Dams cut the continuity of water and sediment transport in rivers. Fre-
quency and magnitude of competent flood events are thus modified, while 
downstream sediment supply is reduced. These alterations cause morpho-
sedimentary adjustments downstream (see examples in the nearby River 
Ebro e.g. Vericat and Batalla 2006). Sediments get trapped in reservoirs, 
reducing its capacity and causing socio-economic problems. Engineering 
works have been designed and executed in order to flushing sediments 
through dams (i.e. sluicing) aiming at recovering part of its original capa-
city. Although these works have been widely used as a management tool 
sometimes are not completely efficient due to the difficulties in removing 
compacted sediments (e.g. Barasona Reservoir sluicing works in the 1990s, 
see Palau 1998; Avendaño et al. 2000). While large amounts of sediments 
flushed downstream may affect physical habitat conditions (e.g. Waters 
1995), these practices may also exacerbate siltation in reservoirs located 
in downstream reaches. In this paper we present a case study exemplifying 
how canals can play a key role in maximizing water and sediment transfer 
(downstream) during sediment sluicing from silted dams. 
Study site
The study site is located in the lower River Segre (NE Iberian Peninsula, 
Figure 1). The River Segre is the largest tributary in the Ebro basin with a 
catchment area at around 11,500 km2 (Cinca not included). Dams and canals 
has been built alongside the 265 km river main stem and tributaries since the 
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19th century (figure 1). Water uses include irrigation, water supply and hydro-
power production. Sant Llorenç de Montgai (hereafter SLM) is the lowermost 
dam in the system, located 75 km upstream the confluence with the Ebro. 
Further downstream, two canals (Balaguer and Seròs, see figure 1) divert wa-
ter, mainly for irrigation and hydropower purposes. SLM was closed in 1930. 
Initially, total water storage capacity was 9.5 hm3. An average annual capaci-
ty loss of 0.012 hm3/year has been estimated by comparing 1989 and 2012 
bathymetric surveys. SLM reservoir was partially emptied in October 2012 
and sediment was sluiced through the dam bottom gates and spillways. A 
total of 7.3 hm3 of water were released during the operation (36 hours). The 
level in the reservoir was kept low and sediment was sluiced downstream 
once the canal intakes were closed.
Methods
A field monitoring scheme was designed to study the transfer of water and 
sediment from the reservoir and along a 60 km downstream river reach. Dis-
charge and sediment transport were measured at 5 sections. Discharge (Q) 
was obtained by combining data from official gauging stations operated by 
the Ebro water authorities (CHE), and own data obtained by means of water 
stage probes. A series of flow gaugings were performed in order to validate 
h/Q rating curves (in the case of the CHE gauging stations), and to develop at-
a-site rating curves, (in case of the own monitoring sites). Turbidity (NTU) was 
recorded continuously and suspended sediment concentrations (CSS) were 
obtained by means of manual and automatic water samples. Water samples 
were filtered in the laboratory and CSS were obtained after subtracting the 
organic matter. Turbidity records were calibrated by means of at-a-site field 
calibration (NTU-CSS). Additionally, in-channel sediment storage and bed mo-
bility were assessed at 3 representative sites in order to estimate the effects of 
the sluicing on physical habitat. The amount of the in-channel fine-sediment 
was determined by means of Lambert and Walling (1988) cylinder, modified by 
López-Tarazón et al. (2012). Bed mobility was examined by means of painted 
tracers placed across the reach (dGPS located).
Results
Observations indicate that more than the 30 % of the water released from 
the dam was diverted 
through the Balaguer Canal (weir located 2 km downstream SLM, Figures 1 
and 2). This canal returns the water to the river 30 km downstream; there-
fore, flow capacity through half of the monitoring reach was substantially 
reduced. The conveyance of the sediment load released from the dams was 
also influenced by the downstream weirs. The one at the Balaguer Canal (Fi-
gure 2) trapped the majority of sediment that was sluiced from SLM. Further 
downstream, the amount of suspended sediment increased (two orders of 
alterations cause morphosedimentary adjustments downstream (see examples in the nearby 
River Ebro e.g. Vericat and Batalla 2006). Sediments get trapped in reservoirs, reducing its 
capacity and causing socio-economic problems. Engineering works have been designed and 
executed in order to flushing sediments through dams (i.e. sluicing) aiming at recovering part of 
its original capacity. Although these works have been widely used as a management tool 
sometimes are not completely efficient due to the difficulties in removing compacted sediments 
(e.g. Barasona Reservoir sluicing works in the 1990s, see Palau 1998; Avendaño et al. 2000). 
While large amounts of sediments flushed downstream may affect physical habitat conditions 
(e.g. Waters 1995), these practices may also exacerbate siltation in reservoirs located in 
downstream reaches. In this paper we present a case study exemplifying how canals can play a 
key role in maximizing water and sediment transfer (downstream) during sediment sluicing 
from silted dams.  
STUDY SITE 
The study site is located in the lower River Segre (NE Iberian Peninsula, Figure 1). The River 
Segre is the largest tributary in the Ebro basin with a catchment area at around 11,500 km2 
(Cinca not included). Dams and canals has been built alongside the 265 km river mainstem and 
tributaries since the 19th century (Figure 1). Water uses include irrigation, water supply and 
hydropower production. Sant Llorenç de Montgai (hereafter SLM) is the lowermost dam in the 
system, located 75 km upstream the confluence with the Ebro. Further downstream, two canals 
(Balaguer and Seròs, see Figure 1) divert water, mainly for irrigation and hydropower purposes. 
SLM was closed in 1930. Initially, total water storage capacity was 9.5 hm3. An average annual 
cap cit  loss of 0.012 hm3/year has b en estimated by comparing 1989 and 2012 athymetric 
surveys. SLM reservoir was partially emptied in October 2012 and sediment was sluiced 
through the dam bottom gates and spillways. A total of 7.3 hm3 of water were released during 
the operation (36 hours). The level in the reservoir was kept low and sediment was sluiced 
downstream once the canal intakes were closed. 
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Figure 1. Location of the study reach. 
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magnitude) probably due to the supply of material from local sources (bed 
surface wash and local scour) during the flushing hydrograph. Neverthe-
less, sediment transport was overall quite low (from tens to hundreds of 
milligrams per liter, see figure 2); according to our observations, water and 
sediment transferred during this operation represented the 0.7 % of the 
mean annual runoff of the river and the 2 % of the mean annual suspended 
sediment load, respectively (according to the sediment budget reported by 
Tena and Batalla 2012 for the period 2008-2011). In general, in-channel se-
diment storage and, especially, bed mobility was not deeply affected by the 
flood flow; this fact can be mainly attributed to the very static situation of 
the gravel bed, in comparison to the low competence of the hydrograph 
released from the dam. 
Final considerations
Our observations indicate that canals located downstream from dams play 
a key role in controlling the transfer of sediment and water during sediment 
sluicing works and, consequently. Canal intakes can be managed for multi-
ple objectives including: (i) the control of flow competence and capacity in 
the river channel and (ii) the reduction of sediment siltation in downstream 
infrastructures and riverbed. 
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Figure 2.  Diagram sumarising transfer of water and sediment through the five monitoring sections during 
the sluicing operation (36 hours). Operational weirs and canals are represented. 
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